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ELIMINATION OF FALSE NEGATIVES IN NUCLEIC ACID DETECTION 

The present invention relates to a method for the 
elimination of false negative test results in assays for 
the detection of amplified analyte nucleic acid. 

Normally , when amplified nucleic acid is to be detected in 
a sample, negative test results, that is results 
indicating that no analyte nucleic acid was originally 
present in the sample under investigation, can only be 
confirmed by carrying out a separate confirmation assay. 
Since the performance of separate confirmation tests is a 
rather time consuming event the need exists for a method 
for providing a control on negative test results in assays 
for the detection of amplified analyte nucleic acid. When 
each sample can be provided with a direct internal check 
on the assaying procedures and the amplification method no 
separate confirmation tests have to be performed. 

The addition of other seguences to a sample comprising 
analyte nucleic acid, which are capable of being 
coamplified with the analyte nucleic acid, has been 
described by Becker and Hahlbrock ( Nucleic Acids Research. 
Vol. 1 7, Number 22. 1989 ^ . The method described by Becker 
and Hahlbrock is a method for the quantification of 
nucleic acid where different known amounts of internal 
standard, comprising a nucleic acid sequence that differs 
from the analyte nucleic acid by just one nucleotide 
(point mutation) are added to a sample containing an 
unknown amount of analyte nucleic acid and coamplified by 
PCR with the analyte nucleic acid. By introducing one base 
change in the internal standard sequence a specific 
restriction site is created and the mutant sequence is cut 
with the appropriate restriction enzyme before the sample 
containing the amplified nucleic acid is applied to an 
electrophoretic gel. The nucleic acid is quantified by 
comparing the bands in the gel representing (a part of) 
the mutant sequence and the analyte nucleic acid. 
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Becker and Hahlbrook use the internal standard as a marker 
in their quantification method where both analyte and 
marker are non-competitively amplified. 

The present invention relates to a method for the 
elimination of false negative test results in assays for 
the detection of amplified analyte nucleic acid in a 
sample characterized in that, prior to amplification,, an 
internal control, comprising a nucleic acid 

distinguishable from the analyte nucleic acid, that can be 
amplified with the same amplification reagents as the 
analyte nucleic acid, is added to the sample. 
The reagents used with the amplification include the 
amplification primers. The internal control used with the 
method according to the invention should resemble the 
analyte nucleic acid in that both are capable of annealing 
with the same amplification primers. 

When the sample is not provided with an internal control a 
negative test result will give no indication of the 
presence of amplified nucleic acid. In this case the 
absence of any signal representing amplified nucleic acid 
can also be caused by an error in the amplification or 
assaying procedures and a separate confirmation test must 
be performed to exclude this possibility. 
One advantage of the use of a method with an internal 
control in every sample according to the invention is that 
in the case of a "negative" sample (that is a sample in 
which no analyte was present) a signal is obtained, 
indicating the presence of the amplified internal control. 
The appearance of the signal representing the internal 
control confirms the negative test result and serves as a 
control on the followed procedures (the amplification and 
the detection procedure). False negative test results are 
thereby excluded. 

The internal control used with a method according to the 
invention must differ from the analyte in that, upon 
detection, the presence of the amplified internal control 
is indicated by a signal that differs from the signal 
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representing the analyte. For example, with gel 
electrophoretic separation, the analyte and the internal 
control would be indicated by the appearance of bands at 
different running distances from the top of the gel. With 
a solid phase hybridization assay the presence of 
amplified analyte or internal control nucleic acid can be 
indicated by different spots on a solid phase. 

The method according to the invention can be used for the 
detection of any kind of nucleic acid optionally present 
in a sample for which suitable amplification primers can 
be constructed, RNA as well as DNA. For example, clinical 
(blood) samples can be tested on the presence of RNA from 
a virus like HIV, HCV or CMV. 

The method according to the invention can be used with any 
kind of amplification technique, for example the so-called 
polymerase chain reaction (PCR) as described in USP 
4,683,195 and 4,683,202. A preferred method for the 
amplification of nucleic acid is the "nucleic acid 
sequence based amplification ( NASBA) 11 as disclosed in 
European Patent application EP 0,329,822. 
The advantage of the use of NASBA over the use of, for 
example PCR, is that no denaturation step is required to 
obtain single stranded nucleic acid after amplification is 
completed, since NASBA generates (large amounts of) single 
stranded RNA from the nucleic acid originally present, 
where the nucleic acid originally present can be RNA as 
well as DNA. Another disadvantage of PCR, which generates 
double stranded DNA instead of single stranded RNA, is 
that after denaturation primers and second strands, 
complementary to the template, compete for the template 
during reannealing which lowers the sensitivity of the 
amplif ication . 

with the method according to the invention the internal 
control is added, during sample preparation prior to 
amplification, in a defined amount. The amount of internal 
control added hardly disturbs the analyte nucleic acid 
amplification . 
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When an amplification method like NASBA is used it depends 
on the relative amount of the internal control added with 
respect to the amount of the analyte nucleic acid present 
in the sample which nucleic acid will be amplified 
preferably: 

When the analyte nucleic acid is present in the sample in 
a larger or equal amount than the internal control (for 
example hundred molecules of the control are added to a 
sample containing more than thousand molecules of the 
analyte) the analyte nucleic acid will be amplified 
preferably. After amplification is completed the amount of 
the internal control will still be very low. 
On the other hand, when the sample under investigation is 
negative for the analyte nucleic acid (meaning that the 
analyte nucleic acid, for example viral RNA, was not 
originally present in the sample) the internal control 
will be amplified and, since no competition for the 
amplification primers with a larger amount of analyte 
nucleic acid takes place, the control will be present in 
large detectable amounts after the amplification procedure 
is completed. 

Preferably the internal control comprises a nucleic acid 
sequence corresponding to the analyte nucleic acid that 
has been mutated to discriminate it from the analyte 
nucleic acid. 

The internal control may differ from the analyte in 
different ways depending on the detection procedures 
followed. In any case the nucleic acid used as internal 
control must resemble the analyte nucleic acid in that it 
should be capable of being amplified with the same 
amplification reagents as the analyte nucleic acid. 
The internal control can be mutated in different ways to 
discriminate it from the analyte nucleic acid. For example 
an insertion can be introduced, rendering an internal 
control that is longer than the analyte, or a deletion 
rendering a shorter internal control. 

In any case it should be prevented that the internal 
control can, due to a mutation (e.g. a deletion), be 
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amplified more efficiently than the analyte nucleic acid. 
Preferably an internal control is used that is amplified 
less efficiently than the analyte nucleic acid in order to 
prevent the internal control from interfering with the 
amplification of any analyte nucleic acid that might be 
present in a sample. 

In one embodiment of the invention the internal control 
and the analyte resemble each other in that they are both 
capable of forming a detectable complex with one and the 
same complementary oligonucleotide. This oligonucleotide 
will hybridize to a part of the sequence of the analyte 
that is also present in the internal control. 

In the case the amplified nucleic acid (analyte or 
internal control) is detected with the aid of 
gelelectrophoresis it is preferred to use an internal 
control that differs from the analyte nucleic acid in 
length. The length difference between the analyte and the 
internal control will result in different mobilities in an 
electrophoretic gel. Since the internal control differs in 
length from the analyte nucleic acid, the internal control 
will appear as a band with a running distance from the top 
of the gel that differs from the place a spot would appear 
characteristic for the analyte nucleic acid. 
The running distance from the top of the gel therefore 
indicates whether the analyte or the internal control was 
amplified, where amplification of the internal control 
confirms the absence of detectable amounts of analyte 
nucleic acid in the sample. 

When the amplified nucleic acid is subjected to 
electrophoresis the presence of nucleic acid in the gel 
can be indicated by any method known in the art. A well 
known method, known as "Southern blotting", comprises 
transferring the nucleic acid to nitrocellulose after 
electrophoresis and hybridizing it with a radio-labelled 
complementary probe. The nucleic acid can then be 
visualized by autoradiography. 
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Since the above described method is rather time consuming 
it is preferred to add a complementary oligonucleotide to 
the amplified nucleic acid prior to subjecting it' to 
electrophoresis. Resulting complexes can now be separated 
from remaining free labelled probe by gelelectrophoresis . 
When the detection probe is hybridized with the nucleic 
acid present in the sample prior to subjecting the sample 
to gel electrophoresis the detection probe will be added 
to the nucleic acid present after amplification (analyte 
or control). The detection probe, capable of hybridizing 
to the analyte as well as the internal control, will form 
a complex with the amplified nucleic acid present. 
Part of the amount of the oligonucleotides added will bind 
specifically to the amplified nucleic acid and the rest of 
the oligonucleotide added will remain as free labelled 
oligonucleotide and will be separated from the complexes 
during gel electrophoresis. This remaining free labelled 
probe will generally appear as a separate band at the 
bottom of the gel. 

When the test result is negative (no analyte nucleic acid 
was present) still a band appears in the gel at a height 
characteristic for the size of the complex formed between 
the internal control and the labelled probe indicating 
that amplification and hybridization with the labelled 
probe actually took place. The negative (no nucleic acid 
to be detected present) result of the assay is thereby 
confirmed. 

The detection probe can be labelled in different ways as 
long as a label is used that is capable of traversing the 
gel. The use of enzyme labelled probes, added to a sample 
containing nucleic acid to which it can be hybridized, to 
form detectable complexes that can be 'separated from the 
free enzyme labelled probe by gel electrophoresis has been 
described in co-owned co-pending US patent application 
serial nr. 07/910,860 the contents of which are 
incorporated herein by reference. 

The enzyme labels as described in the above mentioned US 
application, like for example Horse radish peroxidase, 
retain its activity after being subjected to 
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electrophoresis and locked in the gel system, and are 
still capable of reacting with an appropriate substrate to 
give a colour reaction by which the presence of the 
labelled nucleic acid (that is the enzyme labelled complex 
nucleic acid and/or the free enzyme labelled 
oligonucleotide) in the gel is indicated. 
The system thus obtained is simple to use. No special 
instrumentation is required for the detection of the 
enzyme label in the gel and therefore very useful for 
diagnostic purposes, e.g. the testing of clinical samples 
on the presence of a certain nucleic acid originating 
from, for example, a certain virus. 

After separation of the remaining free enzyme labelled 
oligonucleotide from the enzyme labelled complex nucleic 
acid by gel electrophoresis is completed, detection of the 
labelled complex in the gel is carried out by staining 
with an appropriate enzyme substrate. 

The staining procedure is simple and fast. The gel is 
simply soaked in a solution comprising an appropriate 
enzyme substrate and a colour reaction takes place between 
the enzyme label present in the gel and the substrate 
solution. The substrate used will react with bands, 
containing enzyme-labelled nucleic acid, present in the 
gel. The colour reaction between the enzyme label and the 
substrate will take place on or in the gel and the 
presence of the colour on or in the gel, indicating the 
presence of enzyme activity, can be detected visually. 
Good results are obtained when the oligonucleotide is 
labelled with horseradish peroxidase or a derivative 
thereof, and detection takes place by staining labelled 
nucleic acid in the gel with 3 ,3' ,5 ,5' - 

tetramethylbenzidine/H 2 0 2 . Horseradish peroxidase (HRP) 
catalyses the conversion of hydrogenperoxide into water. 
Tetramethylbenzidine (TMB) , a non-precipitating substrate 
for HRP, is a chromogenic substance that acts as electron 
donor for the conversion of hydrogen peroxide into water 
and is converted by the HRP into a coloured complex 
thereby indicating the presence of enzyme activity. The 
colour formed can be detected visually- 
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The staining procedure must be carried out under 
conditions where the enzyme is still active. The staining 
solution should have a pH value that is appropriate for 
the enzyme label used. 

Electrophoretic buffers usually have a pH value that 
differs from the activity optimum of the enzyme. Therefore 
the gel has to be brought to the proper pH value for the 
enzyme reaction to take place by washing the gel with a 
buffer solution after it has been subjected to 
electrophoresis . 

When HRP is used as enzyme label the gel can be directly 
stained after it has been subjected to electrophoresis in 
a buffer comprising the enzyme substrate (e.g. TMB/H 2 0 2 ) 
and imidazol. Imidazol shifts the activity optimum for HRP 
to a higher pH value. Therefore, with the use of imidazol, 
the gel can be directly stained in the electrophoretic 
buffer and the time consuming washing procedure can be 
eliminated. 

Since, with this embodiment of the method according to the 
invention, nucleic acid amplification may be coupled to an 
enzymatic signal amplification (each enzyme molecule will 
be able to convert many substrate molecules that will stay 
in/on the gel) a high sensitivity is obtained. 

Of course the method according to the invention is not 
limited to the application as described above where the 
detection procedure comprises gel electrophoresis of the 
amplified nucleic acid. For example,* the detection of 
amplified nucleic acid (analyte or internal control) can 
likewise be carried out using a complementary 
oligonucleotide, capable of reacting with both the analyte 
and the internal control, immobilized "on a solid phase. In 
order to detect whether the analyte or the internal 
control is bound to the solid phase, two differently 
labelled detection probes now can be used. One will react 
specifically with the analyte bound to the solid phase 
(because it comprises an oligonucleotide that is 
complementary to part of the analyte nucleic acid) while 
the second labelled detection probe, comprising a label 
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that can be distinguished from the label on the first 
detection probe, will react specifically with the internal 
control. The internal control used in this case -must 
resamble the analyte in its capability of hybridizing to 
the immobilized oligonucleotide on the solid phase, but 
must differ from the analyte in that it will react with a 
different labelled detection probe than the analyte* This 
can be achieved by constructing an internal control by 
replacing the sequence complementary to a first labelled 
detection probe with a different nucleotide sequence that 
is not present in the analyte and is complementary to a 
second labelled detection probe. The kind of label bound 
to the solid phase will indicate whether the analyte or 
the internal control was present, thereby indicating 
whether the test result is positive or negative. 

Another embodiment of the invention comprises immobilizing 
two different oligonucleotides, one binding specifically 
to the analyte and another specifically to the internal 
control, on a solid phase in two distinct spots. Any 
amplified nucleic acid that will bind to one of the spots 
on the solid phase can be detected by hybridizing it to a 
labelled oligonucleotide complementary to a sequence 
present in both the analyte nucleic acid and the internal 
control. In this case it is the spot on the solid phase on 
which the label will bind that indicates whether the test 
result is positive or negative. Depending on the detection 
method employed the label can be of any kind. For example, 
in the case the presence of amplified nucleic acid is 
detected with scattered total internal reflectance the 
label might be a gold sol particle, but also radio 
labelled (detection by autoradiography) or enzyme labelled 
probes, that give a colour reaction with a suitable enzyme 
substrate, can be used. 

The invention is further exemplified with the following 
examples : 
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Example 1: 

Nucleic acid was extracted from specimens from AIDS 
patients. Full blood, plasma, monocytes and trombocytes 
were used as starting material. Nucleic acid was extracted 
from whole blood samples of SCID-hu mice infected with 
HIV-1. The samples were processed according to the sample 
processing method as described by Boom et al. 
( J. Clin. Microbiol . 28: 495-503, 1990 U RNA was amplified 
by using the extracted nucleic acid as input for NASBA. No 
templates were included as checks for the contamination 
and a series of different amounts of WT HIV-1 RNA (10 1 , 
10 2 , 10 3 , io 4 molecules) was used to determine detection 
sensitivity. A primer pair for the HIV-gene gag was used 
for amplification (Primer 1 (OT270): 

AATTCTAATACGACTCACTATAGGGGTGCTATGTCACTTCCCCCTTGGTTCTCTCA; 
Primer 2: (OT271) AGTGGGGGGACATCAAGCAGCCATGCAAA) . 
In each amplification reaction 10 2 molecules of a RNA 
molecule is added for a control on the procedure. This RNA 
molecule (E2) comprises the same target sequence as the 
wild type HIV-1 RNA together with an 140 bp insertion that 
replaces a 22bp Sph IxPst I fragment. Hybridization was 
performed for 10 minutes at 45°C in a water bath. A 7% 
native acrylamide gel in a Biometra Multigel G44 
configuration was used for separation of the hybridized 
and the non-hybridized HRP labelled oligonucleotide. 1*TBE 
(50 mM Tris, 50mM Borate, ImM EDTA, pH 8,5) was used as 
running and gel buffer. 

2,5 /il of the hybridized samples were put on the gel. 
The electrophoresis was stopped when xylene cyanol reached 
70% of the gel length. After gel electrophoresis was 
completed the gel was washed and rocked in citrate buffer 
pH 5,0 for 5 minutes. Subsequently the gel was washed and 
rocked in citrate buffer pH 5,0 containing 1% dextran 
sulphate for 15 minutes prior to being rocked and washed 
for two minutes in citrate buffer pH 5,0 again. 
HRP containing bands were visualised by staining with TMB 
(0.1 mg/ral) and H 2 0 2 (1m1 30% H 2 Q 2 per 10 ml) for 10 
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minutes . The gel was rinsed with water and incubated 
(dehydrated) for at least two hours in 50% methanol. 
Afterwards the gel was dried for two hours at 50°C under 
vacuum in a geldryer (Bio-rad model 583). In table 1 the 
visually scored results are summarized. 



Table 1: AIDS patients no. 48, 49 and 50. 
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Example 2 : 

The indeterminate scores from the first example were 
retested in another experiment which was performed in the 
same way as the experiments described in Example 1 • The 
indeterminate samples from the first example all scorde 
positive when retested. Also the control with the lowest 
amount of input molecules (10 2 ) now scored positive. From 
these results it can be concluded that these experiment 
yielded a somewhat higher sensitivity than the experiments 
of the first example. The results are given in Table 2. 

Table 2: retesting of undetermined results of table 1. 
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CLAIMS : 

1. A method for the elimination of false negative results 
in assays for the detection of amplified analyte nucleic 
acid in a sample characterized in that, prior to 
amplification, an internal control is added, comprising a 
nucleic acid distinguishable from the analyte nucleic acid 
that can be amplified with the same amplification reagents 
as the analyte nucleic acid* 

2. A method according to claim 1, characterized in that 
the internal control comprises a nucleic acid sequence 
corresponding to the analyte nucleic acid that has been 
mutated to discriminate it from the analyte nucleic acid. 

3. A method according to claim 1 or 2 , characterized in 
that the internal control is amplified less efficiently 
than the analyte nucleic acid. 

4. A method according to any of claims 1-3, characterized 
in that the internal control and the analyte nucleic acid 
are both capable of forming a detectable complex with one 
and the same complementary oligonucleotide. 

5. A method according to claim 4 characterized in that the 
analyte nucleic acid and the internal control differ in 
length and are both capable of forming a detectable 
complex with the same complementary oligonucleotide. 

6. A method according to claim 4 characterized in that the 
complementary oligonucleotide is immobilized on a solid 
phase and the detectable complexes each are capable of 
reacting with a differently labelled reactant. 

7. A method according to any of claim 1-3 characterized in 
that the analyte nucleic acid and internal control nucleic 
acid are each capable of forming a detectable complex with 
a different complementary oligonucleotide. 
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8. A method according to claim 7 characterized in that 
said oligonucleotides each are immobilized on a different 
spot on a solid phase. 
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